Since the year 2002, the Uruguayan oil-producing sector has been growing at a steady peace, utilizing over 10,000 seeded hectares across the country. The aim of this study was to characterise both the chemical and sensory properties of the extra virgin olive oil variety known as Arbequina through two consecutive harvests. The work was carried out using olives with three different ripening indices; the oil was extracted using an Abencor system. The moisture of the olive, yield extraction, and yield on both a dry and wet basis were determined. The obtained oils were characterized by determining the free acidity, main antioxidant compounds (polyphenols and tocopherols), composition of fatty acids, and sensory profiles. Olive moisture was over 57%, which led to production of pomaces characterized as "difficult pastes", explaining the low yield obtained. The harvest year and ripening index affected different parameters such as Abencor yield and, on a dry basis, the free acidity, polyphenolic content, oleic acid, and linoleic acid contents and fruity, bitter, and pungent intensities. To determine the best time of harvest, it is important to consider the balance between yield (which is significantly greater in olives with a ripening index above 3) and oil quality, as a higher ripening index decreases positive sensory attributes such as pungency and bitterness intensities.
Introduction
Extra virgin olive oil (EVOO) is a remarkably valuable product that is traditionally produced in Mediterranean countries; 95% of the world's olive oil is produced in Spain (Amelio, 2016; Reboredo-Rodrí guez et al., 2016; International Olive Council [IOC], 2017) . The olive habitat is concentrated at latitudes between 30° and 45°, both in the southern and northern hemispheres in Mediterranean climatic regions (which is characterized by dry and warm summers and winters with mild temperatures) (Civantos, 2008; Navarro & Parra, 2008; Rapoport, 2008) .
Olive oil production has spread in recent years to beyond the Mediterranean region to non-traditional areas (Uruguay XXI, 2013; Villamil & Conde, 2013; Rondanini, Castro, Searles, & Rousseaux, 2014; Katsoyannos et al., 2015; Xiang et al., 2017) . This spreading requires the adaptation of olive plants to new climatic conditions (temperature, precipitation, and moisture, for example) associated with latitudes and altitudes differing from those corresponding to the autochthonous regions of olive. Because of this adaptation, oil produced in these regions may differ in quality and composition from those produced in autochthonous regions (Romero, Saavedra, Tapia, Sepúlveda, & Aparicio, 2016) .
Uruguay is located between latitudes 30° and 35° which have a mean annual temperature of 17.7°C and mean annual rainfall of 1200-1600 mm (Instituto Nacional de Investigación Agropecuaria [INIA], 2017) . In recent years, the production of EVOO has steadily increased from 112,000 kg in 2011 to 900,000 kg in 2017 (Asociación Oliví cola Uruguaya [ASOLUR], 2017).
Arbequina is a cultivar typical of the Spanish region of Catalunya (Terragona and Lé rida) and of Alto Aragón. It adapts easily to new environmental conditions and, because of its small size, precocity, high oil yield, good oil quality, and other agronomic characteristics, is particularly fit for new high-density olive orchards and mechanised cultivation (Rondanini, Castro, Searles & Rousseaux, 2011; Yousfi, Weiland & Garcí a, 2013; Borges et al., 2017) . Furthermore, Arbequina olive oil is highly appreciated for its mild taste and is considered ideal for new and emerging markets compared to other oils, which can be more bitter and pungent (B. Jimé nez & Carpio, 2008; Borges et al., 2017) . Because of these positive factors, countries in South America have begun producing Arbequina, including Chile (Garcí a-Gonzá lez, Romero & Aparicio, 2010) , Argentina (Torres et al., 2009) , and Brazil (Borges et al., 2017) . In Uruguay, this cultivar has been cultivated in the past decade and now occupies the largest growing area (51%) and is present in most national plantations (Uruguay XXI, 2013).
The chemical composition of EVOO is influenced by the olive cultivar, pedoclimatic conditions, geographical site, and ripeness stage. Several studies have shown that the choice of the optimal harvest period is essential for obtaining high-quality virgin olive oil (VOO) (Franco, Sá nchez, De Miguel, Martí nez & Martí n-Vertedor, 2015) . During ripening, many metabolic processes occur which significantly affect the physical properties, chemical composition, and enzymatic activity of the fruit, which are reflected in the composition and quality of VOO (Lukić et al., 2017) . Thus, it is important to determine the best harvest period for each variety to optimize olive productivity and ensure quality (Youssef et al., 2010, M. Beltrá n, Sá nchez-Astudillo, Aparicio & Garcí a-Gonzá lez, 2015) . Furthermore, according to B. Jimé nez, Sá nchez-Ortiz, Lorenzo, & Rivas (2013) and Katsoyannos et al. (2015) , as fruit ripening progresses, oxidative stability is reduced because of the decreased total polyphenol content in the ripe fruits.
Previous studies in the Mediterranean region examined modification of the major and minor components in different oil varieties during the ripening process. For example, Franco et al. (2015) evaluated the influence of ripening index (RI) on oil yield, olive moisture, fatty acids, and sensory attributes such as fruity, bitter, and pungent indices of seven varieties from the southwest of Spain, including Arbequina. Currently, Spain shows an increased RI of between 2 and 3 for Arbequina and Picual, indicating very good oil quality and high yield (Franco et al., 2015) .
Few studies have examined how geographical and climatic conditions and ripening index affect the properties of Arbequina olive oil produced in Uruguay. Thus, the aim of the present study was to characterise both the chemical and sensory attributes of the EVOO variety Arbequina, considering different RIs, over two years of harvest.
Materials and Methods

Plant Material
Samples
The olives were supplied by five different olive plantations located in the southeast and southwest regions of the country throughout the time of the harvest study in years 2015 and 2016.
The selected olive trees for each producer were approximately the same age of eight years at the beginning of the study. For each sampling, trees were divided into two blocks of six trees each. First, a representative sample of 10 kg was hand-picked from both blocks. The sampling protocol was previously established, which specified that olives were to be picked from all four sides of the tree from different heights, starting from the outside of the tree and ending in the inside. After the olives were harvested, the fruit samples were immediately transported in ventilated storage trays to the Abencor system pilot plant, located in the Chemistry Faculty, to avoid alterations to the fruits.
Determination of Olive RI
RI was determined according to a classification based on fruit colour of both the skin and pulp as described in "Método de Índice de Madurez" (Uceda & Frías, 1975) . Olives were classified as green (G) when their RIs were lower than 2.0, medium (M) for values between 2.0 and 3.0, and ripe (R) for values above 3.0, as described by Franco et al. (2015) for qualifying olives. The extraction conditions were as follows: the sieve size from the hammer mill was 5 mm and olives were crushed at 3000 rpm. Previous studies (Ellis, 2016) showed that Uruguayan olive pastes from the Arbequina variety have a moisture level higher than 50%, designating them as "difficult pastes" (Aguilera et al., 2010) . To ease the separation between the oil and other compounds of olive paste and, as a result, increase extraction yield by depleting the subproducts, micronized natural talc (MNT) was added to the olive paste during the malaxation stage as a technological coadjuvant at 2.3% (Alba, 2008; Aguilera et al., 2010) . The MNT was used in all extractions performed during the two years of the study. The paste with the talc was malaxated (using a thermostatic olive paste mixer) for 50 min at 30°C; in the middle of this process, 200 mL of water was added.
After the malaxation stage, the content of each of the eight vessels from the thermostatic olive paste mixer were centrifuged in an Abencor vertical centrifuge at 3500 rpm for 1 min.
The extracted oil was stored under protection from light in amber-coloured glass bottles at 4°C until analysis.
The yield obtained from the extraction process at the Abencor plant was calculated according to Criado, Motilva, Goñi, & Romero, (2007) . Moisture values were expressed as an oil percentage.
Olive Moisture Determination
The moisture content of the olives was determined by gravimetric analysis. Twenty grams of the homogeneous olive paste with the stone, which was freshly milled using the hammer mill of the Abencor system, were weighed in glass Petri dishes and dried in a conventional oven at 105°C for 12 h. The weight decrease was expressed as the moisture percentage according Reboredo-Rodrí guez et al. (2015).
Olive Oil Yield Determination by Soxhlet Method
To determine olive oil yield, expressed as the percentage content of oil in olive paste according to UNE 55030, IUPAC Method 1.11, olives were milled with the stone using the Abencor system hammer mill. The fresh olive paste was desiccated in a conventional oven at 105°C for 12 h, and the oil was extracted in a Soxhlet apparatus using petroleum ether (62-68°C boiling point) as a solvent. The system was brought to a boil and extraction was performed or 8 h, after which the solvent was removed and the yield was determined as dry matter weight (% dry weight) and wet matter weight (% wet weight).
Quality Chemical Parameters
Free Acidity Determination
Free acidity (FA) was determined according to IOC recommendations using ISO 660 "Determination of degree of acidity and free acidity". Free acidity was expressed as the percentage of oleic acid.
Chemical Characterisation of EVOO
EVOO Total Polyphenol Content Determination
Total polyphenol content in EVOO was determined according to the IOC method/T 20/Doc Nº 29 November 2009: "Determination of biophenols in olive oils by HPLC". Syringic acid was used as internal standard.
An HPLC Shimadzu 20 A was used along with a diode array detector (model SPD-M20A) and C18 Phenomenex column (4.6 mm diameter, 25 cm long, 5 µm particle size). Phenolic compounds were quantified at a wavelength of 280 nm using water with 0. Before total polyphenol content determination by HPLC, extraction was performed using 2.0 g of EVOO. A methanol/water 80/20 (V/V) solution was used for extraction, along with the addition of syringic acid solution.
EVOO Total Tocopherol Content Determination
For total tocopherol determination in EVOO, the method proposed by Andrikopoulos, Brueschweiler, Felber, & Taeschler, (1991) : "HPLC analysis of phenolic antioxidants, tocopherols and triglycerides" was used. Thirty milligrams of EVOO were weighed and dissolved in 1 mL isopropanol. Calibration curves were developed using -tocopherol, -tocopherol, and δ-tocopherol standards (Sigma-Aldrich, St. Louis, MO, USA). An HPLC Shimadzu 20A was used, along with a fluorescence detector (Shimadzu RF 20A XS) set to a 290 nm excitation wavelength and 330 nm emission wavelength, as well as the PDA detector described above. The oven was maintained at 35°C.
EVOO Fatty Acid Composition Determination
The fatty acid composition of EVOO was determined by gas chromatography with previous derivatisation of the oil into fatty acid methyl esters according to IOC/T.20/Doc. Nº24, 2001 "Preparation of fatty acid methyl esters from olive oil and olive pomace oil". Method A: "Cold transesterification with potassium hydroxide methanolic solution" was conducted, followed by IOC, 2015: "Gas chromatography analysis of fatty acid methyl esters" Method AOACS Ch 2-9. IOC/T.20/Doc Nº 33 February 2015 "Determination of fatty acid methyl esters by gas chromatography".
Sensory Characterisation of EVOO
Samples were evaluated by a panel of 10 trained panellists belonging to the olive oil sensory panel at the Faculty of Chemistry, which has been approved by the IOC since 2012. The IOC official method IOC/T.20/Doc Nº 15/Rev. 8/2015 was applied, along with a descriptive tasting, to evaluate the following descriptors: green (olive leaf, herb, grassy), fig, tomato (plant, leaf, fruit), apple, banana (peel, fruit), nut/almond, sweet, astringent, and other positive attributes.
The intensity of these attributes was evaluated using a linear, non-structured scale ranging from 0 to 10 cm and from "nothing" to "very" as extremes. Furthermore, the "fruity" attribute was described by the evaluator as either "green" or "mature", if perceived.
Samples were served in normalized blue cups (15 mL), codified with a letter and two random numbers, at a temperature of de 28 ± 2°C. Each sample was evaluated in duplicate. Green apple, natural yoghurt, room temperature water, and crackers were used as erasers.
Statistical Analysis
All chemical analyses were performed in triplicate.
Analysis of variance was performed on chemical and sensory data considering year, RI, and the interaction year × RI as variation factors. Mean ratings and honestly significant differences were determined, based on Tukey's test (p < 0.05). All statistical analyses were performed using XL-Stat 2017 software (Addinsoft, New York, NY, USA).
Results and Discussion
Olive Properties
In 2015, olives were harvested during April to obtain 14 samples of EVOO, which presented different RI values: 4 were green, 4 were medium, and 6 were ripe.
In 2016, olives were collected between March and April to obtain 14 samples of EVOO with various RI values: 5 were green, 5 were medium, and 4 were ripe. Thus, during the two years of study, 28 samples of EVOO were obtained.
Producers typically estimate the best harvest time according to the olives' RI, which is calculated based on the colour of the fruit in the olive tree. The aim of this study was to determine the oil content in different RI stages for two years. The results were expressed as yield of dry and wet materials, both as percentages. Additionally, yield was measured using the Abencor System. The results are shown in Table 1 .
Olive moisture content was significantly affected by the year (p = 0.0012), as was the yield determined with the Abencor (p < 0.0010) and yield of dry materials (p = 0.0297). In 2015, the moisture content of oil was significantly higher than in 2016, likely because of the high rainfall which occurred during the months before harvest. Rainfall during February and March was 350 mm in 2015, while in the following year during the same months, rainfall was of 200 mm (INIA, 2017) . This affected the Abencor yield, which was significantly lower in 2015, as shown in Table 1 .
Moisture and yield based on wet weight were not affected by the olive's stage of maturity. However, the Abencor yield and yield based on dry weight were significantly higher for ripe olives than for green olives. Franco et al. (2015) suggested that this increase was caused by water evaporation from ripe olives, while lipid biosynthesis slowly continued. Yield based on dry weight is a more reliable parameter for comparison than yield based on wet weight, as the latter is strongly influenced by the olive's moisture. While Franco et al. (2015) reported that olive moisture depends on the fruit's ripeness stage, these results do not agree with those found in this study, in which RI did not significantly affect the olive moisture. Aguilera et al. (2010) characterised olive pastes with moisture higher than 50% as difficult pastes. Particularly, these authors determined the moisture content of paste obtained from Picual olives and characterized it as "very difficult paste", with a moisture value of 56.3%. For difficult pastes, larger and stronger emulsions are formed during the milling phase, which are impossible to break under malaxation conditions. The moisture content of the olives analysed in this work revealed that the resulting pastes were "very difficult pastes", which may explain the low yield obtained from the studied harvests, compared to yields obtained from Arbequina in other countries, as reported by Reboredo-Rodrí guez et al. (2015).
Chemical Quality Parameters
The free acidity percentage is a direct measure of olive oil quality and represents the extent of hydrolytic activities reflecting the care taken from blossoming and fruit set to eventual sale and consumption of the oil (Reboredo-Rodrí guez et al., 2016). The results are shown in Table 2 . The harvest year significantly influenced free acidity (p < 0.0001), with the 2016 oils showing higher values (expressed as percentage oleic acid) than the 2015 oils, as reported by Rodrigues et al. (2018) . For the 2015 harvest, free acidity significantly differed between the different RI values (p < 0.0001), with an increase from green to ripe RI. Franco et al. (2015) found that the values of free acidity for Arbequina increased as the RI increased. The authors predicted that EVOOs obtained from olives with higher RI had higher percentages of free acidity because of their increased enzymatic activity, particularly lipolytic enzymes, and increased sensitivity to mechanical damage and pathogen infections. This trend was not confirmed for the 2016 harvest, in which no significant differences were found in the free acidity of different RI olives (Table 2 ).
All analysed oil samples showed free acidity values lower than 0.8%, which is the upper limit established by the IOC (IOC/T.15/NC No 3/Rev.8, 2015, and successive revisions) for an oil to be categorised as EVOO; this demonstrates that the olives used in the present study were in good condition at the time of oil extraction and that the extraction itself and subsequent storage were effectively performed (Rodrigues et al., 2018) .
Chemical Characterisation of EVOO
Polyphenols
Phenolic compounds are considered as natural antioxidants responsible for oil stability through oxidation and contribute to sensory characteristics, such as bitterness and pungent flavours (Reboredo-Rodrí guez et al., 2016) . According to B. Jimé nez et al. (2013) , during the fruit ripening process, a series of metabolic processes occurs (chemical and enzymatic reactions), resulting in the production of free phenols and induction of variations in the phenolic profile of several compounds. These changes affect the quality, sensory properties, oxidative stability, and/or nutritional value of the obtained oil. According to Katsoyannos et al. (2015) , as the ripeness index increases, the total contents of tocopherols and polyphenols decrease. This was not observed in the present study, as the RI did not significantly affect (p > 0.05) the polyphenol content in either harvest year evaluated.
Reboredo-Rodrí guez et al. (2015) reported that the total polyphenol content for the Arbequina variety, with an RI of 3.3, was 162 ppm in Galicia, Spain. Values obtained for Uruguayan oils were similar for the 2015 harvest year and higher for the 2016 harvest year.
Tocopherols
According to Reboredo-Rodrí guez et al. (2016), tocopherols are the main lipid-soluble antioxidants present in EVOO. Four isomers can be found in EVOO (α, β, γ, and δ), with α-tocopherol (Vitamin E) as the most abundant. Table 2 lists the obtained values for tocopherols in this study. There was no significant difference in total tocopherol content for different RI values and for different harvest years (p = 0.2465). Velasco et al. (2015) found that the total tocopherol normal range in VOO is 100-250%; for the Arbequina variety from the Cabra region in Spain, the authors reported a concentration of 148% as the median RI. Values found in this study were higher than those for both harvest years and for all studied RI values.
Fatty Acid Composition
The main fatty acid composition of EVOO is shown in Table 2 ; the RI was significantly influenced by linoleic acid in the 2015 harvest and by palmitic, oleic, and linoleic acid in the 2016 harvest. The harvest year significantly influenced the contents of stearic (p = 0.0192), linoleic (p < 0.0001), and linolenic (p = 0.0158) acids, which were higher in 2015, while oleic acid was higher (p < 0.0001) in 2016.
The highest fatty acid percentage was obtained for oleic acid, followed by palmitic, linoleic, and stearic acids; this as agrees with the results reported by Reboredo-Rodrí guez et al. (2016) . The same authors reported that the Spanish Arbequina variety is characterised by its high linolenic acid content (12.57-13.06%) and low oleic content (68.20-65.83%). This agrees with the results of the current study for the 2015 harvest, but not with the results obtained for the 2016 harvest, in which higher values of oleic acid and lower values for linoleic acid were obtained compared to the previous study.
According to studies carried out by Buffa, Tropea, Mattar, Carelli, & Ceci (2013) and Katsoyannos et al. (2015) , as the RI of olives increases, the relationship between percentages of oleic/linoleic acid found in the oil decreases. This trend agrees with the results obtained in this study for both harvest years, as shown in Table 2 . Borges et al. (2017) evaluated Arbequina VOO in Australia, Argentina, and Tunisia and found that different cultivation and environmental conditions strongly affect the fatty acid composition of VOO, with oleic and palmitic acids most strongly affected. In addition to the geographical and climate conditions considered in these studies, other factors such as RI, storage conditions, processing conditions, and other environmental factors (light intensity, relative humidity, and evapo-transpiration) may influence the chemical composition of VOO.
All studied fatty acid values were within the limits established by the IOC for EVOOs. 
Sensory Characterisation of EVOO
For the data obtained from the sensory panel for the 28 samples of VOO, the median and robust coefficient of variation were calculated for each attribute (positive and negative) according to IOC regulations. According to the results, all VOOs were classified as EVOOs because the defect median was zero and fruity attribute median was higher than zero in all samples.
In the evaluated samples, the sensory panel perceived the attributes fruity, bitter, pungent, green, banana, nut, sweet, and astringent, as is shown in Table 3 . According to the analysis of variance results, the interaction year × RI studied were not significant (p > 0.05), making it possible to study the effect of each factor independently.
The harvest year significantly affected the intensities of the fruity (p < 0.0010), bitter (p < 0.0010), pungent (p < 0.0001), green (p < 0.0010), banana (p = 0.0108), sweet (p = 0.0001), and astringent (p = 0.0001) attributes. As shown in Table 3 , 2016 oils had higher intensities of fruity, bitter, pungent, green, banana, and astringent attributes and lower intensity of the sweet attribute. The sensory results were correlated with higher moisture content and a lower polyphenol content in the oils was obtained for the 2015 harvest.
Sensory qualities of VOO are affected by the presence of specific minor compounds, among which phenolic and volatile compounds are the most important. Phenolic compounds are responsible for flavour characteristics such as bitterness, kinesthetic sensations such as pungency, and exhibit antioxidant activity, which is widely responsible for the oxidative stability, shelf life, and nutritional value of VOO (Lukić et al., 2017; Xiang et al., 2017) . In the present study, the relationship between sensory characteristics and polyphenol content was confirmed in the studied samples, as the presence of phenolic compounds stimulates taste receptors and the trigeminal nerve, evoking the sensations of bitterness in the first case and pungency and astringency in the second case. Low-weight volatile compounds easily evaporate at room temperature and, following stimulation of nasal receptors, are responsible for the VOO characteristic aroma (De Santis & Frangipane, 2015) .
For the 2015 harvest oils, for higher RI values, a significant decrease (p < 0.05) was observed in the bitter, pungent, and green attributes, while an increase was observed for the sweet attribute (p < 0.05). For the 2016 harvest oils, an increase in RI resulted in a significant decrease (p < 0.05) in the pungent, green, and astringent attributes, as shown in Table 3 . These results agree with the information reported by B. Jimé nez et al. (2013) and Franco et al. (2015) , who determined that the bitter, pungent, and green attributes decreased in intensity as the sweet attribute and the olives' RI increased.
The sensory profile of Uruguayan olive oils of the Arbequina variety coincided with reports by other authors for the same olive variety in other regions of the world, who found that these oils have a medium fruity attribute and mild bitter and pungent attributes. Franco et al. (2015) characterised oils obtained from seven different varieties from plantations in southwestern Spain and concluded that oils from the Arbequina variety presented the lowest values for the fruity and pungent attributes. Aparicio & Harwood (2003) used the sensory descriptors soft, slightly pungent, and medium green aroma to characterise this variety. B. Jimé nez & Caprio (2008) reported that this oil presents a fruity aroma reminiscent of olives and other fruits, with fluid, sweet, and nearly imperceptible bitterness and pungency; these attributes make the variety particularly suitable for consumers not accustomed to the taste and aroma of virgin olive oils. 
Conclusions
The chemical analysis results and sensory profiles of the 28 samples revealed that all oils examined belonged to the EVOO category according to IOC regulations.
Fruit moisture is an important parameter that must be considered, as olives with higher water content typically have a lower oil yield, which also negatively affects the quality of the oil obtained.
For olive physical and chemical properties, the RI significantly affected different parameters depending on the harvest year.
All pastes studied were considered "difficult pastes" because of the high moisture content in the olives; this should be considered by producers when determining the optimal harvest time, to achieve a balance between yield (which is significantly greater in olives with an RI above 3) and oil quality. At higher RI, sensory aspects, such as bitter and pungency decrease along with the content of antioxidants, such as polyphenols.
